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Abstract. We investigate the in-medium modification of pseudoscalar and vector mesons in a QCD mo¬ 
tivated chiral quark model by solving the Dyson-Schwinger equations for quarks and mesons at Hnite 
temperature for a wide mass range of meson masses, from light (tt, p) to open-charm {D, D*) states. 

At the chiral / deconfinement phase transition, the quark-antiquark bound states enter the continuum of 
unbound states and become broad resonances (hadronic Mott effect). We calculate the in-medium cross 
sections for charmonium dissociation due to collisions with light hadrons in a chiral Lagrangian approach, 
and show that the D and D* meson spectral broadening lowers the threshold for charmonium dissociation 
by TT and p mesons. This leads to a step-like enhancement in the reaction rate. We suggest that this mech¬ 
anism for enhanced charmonium dissociation may be the physical mechanism underlying the anomalous 
J/'tp suppression observed by NA50. 

PACS. 05.20.Dd Kinetic Theory - 12.38.Mh Quark Gluon Plasma - 14.40.-n Mesons - 25.75.Nq Quark 
deconfinement, quark-gluon plasma production, and phase transitions 


1 Introduction 


Charmonia, in particular the J/tp meson, play an im¬ 
portant role in the experimental search for the quark- 
gluon plasma (QGP) in relativistic heavy-ion collisions. 
The anomalous suppression oi J/ip production found by 
the NA50 collaboration at CERN SPS in 158A GeV Pb-Pb 
collisions Q is reminiscent of the signal for QGP formation 
suggested by Matsui and Satz [|j , although one should also 
consider the competing, non-QGP mechanisms for J/Tp 
suppression such as charmonium dissociation through col¬ 
lisions with projectile and target nucleons 0 and by co¬ 
moving hadrons formed in the collision [Q . A combination 
of hadronic and quark/gluon processes appears to give a 
satisfactory parametrization of the NA50 data |^,|^. How¬ 
ever, we should inquire as to whether we do now have a 
consistent picture of anomalous J/ip suppression. In this 
contribution we consider a unified theoretical approach 
based on the quark (gluon) substructure of hadrons, which 
predicts a characteristic energy dependence of the J/ip 
dissociation cross sections through collisions with light 
hadrons, as well as the dissociative “Mott effect” at the 
chiral / deconfinement phase transition. 
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2 The Mott effect and spectral function for 
D-Mesons 


Due to their strong couplings to two-body decay channels, 
light mesons such as the p and the controversial light a 
can be modeled as quark-antiquark bound states or alter¬ 
natively as meson-meson interactions in the corresponding 
channel. In the 1=0 tttt “sigma” channel, the total spectral 
width Ffj/T) associated with a cr-meson shows a minimum 
that correlates with the chiral restoration phase transition 
in the phase diagram of strongly interacting matter |Q, 
since the hadronic decay width r’o-= 27 r is already negligible 
but the coupling is still small. The transition from 

a bound state with vanishing decay width (infinite life¬ 
time) to a resonance in the continuum of unbound states 
is called the Mott transition Q, and can be described by 
the behavior of the spectral function 


Ah{s-T) 


I A(T) Mh{T) 

N [s - Ml{T)Y F rl{T) Ml{T) ’ 


( 1 ) 


where Mh{T) and Tk(T) are the temperature-dependent 
mass and width of the hadron h. Gritical phenomena re¬ 
lated to the Mott transition for mesons at the chiral transi¬ 
tion have been discussed in the context of the NJL model 
for quark matter in Ref. In this model it was found 
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Fig. 1. In-medium cross section for J/tli -|- tt —> D* -|- _D as Fig. 2. Same as Fig. for the process J/ip -\- p ^ D* + D*. 
function of s and T, using the spectral function of Ref. . 


that the Mott transition temperature for D mesons is very 
close to that of the tt and K mesons To estimate spec¬ 
tral function parameters (0) for the light and open-charm 
mesons, we use a modified NJL model in which unphysical 
quark production thresholds below the Mott temperature 
are excluded by an infrared cutoff (^. In the following 
section we investigate the consequences of the meson Mott 
effect for charmonium dissociation processes. 


3 In-medium J/^ dissociation cross section 

The in-medium dissociation cross section is defined in the 
Green function formalism by 

f^'^his;T)=JdsiJds2 Ad^suT) Ad^{s2-,T) s 1,82). 

^ ( 2 ) 
(For details of this approach see Ref. p^. ) The cross sec¬ 
tions for the processes J/'tjj + Tr^D*+D and J / 4 ! + p ^ 
D* + D* are displayed in Figs. and ||. The vacuum 
cross sections assumed here follow from the chiral 
Lagrangian approach of Ref. . 

In both cases the Mott effect (7’'^°** ss 172 MeV) in¬ 
creases the spectral width in (Q) of the D and D* mesons, 
and hence effectively lowers the threshold for charmo¬ 
nium dissociation reactions. At temperatures above 
these reactions become exothermic, whereas they were en¬ 
dothermic for T < . In addition to the lowered reac¬ 

tion thresholds, in Figs. 0 andone can also see a decrease 
in the maximum values of these exclusive cross sections 
multiplied by the squared momentum of the incoming 
light particles. This behavior is slightly larger in J/ij} + tt 
than JA p at high temperatures. In general, J/ip + p 
is the dominant dissociation process. In Ref.||l^ it was al¬ 
ready shown that this behavior of the in-medium cross 


section leads to a strong enhancement in the thermal- 
averaged dissociation cross section, i. e. in the inverse life¬ 
time of the J/'0 given by with 


nh{T) 

f d?P 


( 3 ) 


(27r)3 


dsAh{s'-,T) fh{p,s'-,T)(j!,{p,s')T^^{s;T) , 


where fh{p,s';T) is the Bose distribution function with 
the energy argument E{p, s') = -I- , and jh{p, s') 

is the flux factor for the ip-h collisions, h = {tt, p}. The 
thermal average of this total J/V’ dissociation cross sec¬ 
tion as function of T, using the in-medium cross sections 
shown in Figs. 0 andg, is displayed in Fig. 0. This J/'0 dis¬ 
sociation rate due to impact by hadronic resonances shows 
a step-like enhancement by an order of magnitude above 
yMott mesonic states due to their spectral broadening 
and thus the effective lowering of the breakup threshold. 
The effect is dominated by the p meson subprocess shown 
in Fig. 0 and its magnitude is quite sensitive to the de¬ 
tailed temperature dependence of the D- and Z?*-meson 
spectral functions, as was discussed in Q. 

The hadronic Mott effect scenario described here could 
be the dominant physical mechanism underlying the anoma¬ 
lous J/%4 suppression Q. It could also contribute to an 


understanding of fast chemical equilibration |^| reported 
for the NA50 results on charm production. The role of the 
Mott effect on charmonium recombination {DD fusion) is 
an interesting topic for further investigation. It remains to 
be investigated which role dissociation processes by quark 
and gluon impact in the plasma phase have to play. A pre¬ 
liminary comparison with the NA50 data shows that 
the bulk of the the anomalous J/'i/' suppression pattern 
can be explained by dissociation due to hadronic reso¬ 
nance impact provided the dramatic changes of mesonic 
spectral functions obtained from the modified NJL model 
calculation lllll turn out to be realistic. 
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Fig. 3. Total thermal averaged dissociation cross section 
as function of T without (dashed line) and with Mott effect for 
the TT-, n and D-mesons (solid line), using the spectral functions 
of Ref. 0. 

4 Conclusion 

An understanding of the quark substructure of mesons 
is essential for determining meson-meson vacuum cross 
sections as well as their modifications in hadronic mat¬ 
ter. We have shown that the £)-meson Mott effect at the 
QGP phase transition reduces the threshold for charmo- 
nium dissociation, which leads to a large increase in the 
J/if) dissociation rate. A new finding reported here is that 
J/'ij} dissociation is dominated by J/ip p collisions, so 
that a direct connection to the in-medium p spectral func¬ 
tion, as measured for example by NA45 (CERES), should 
be investigated. In subsequent research we plan to model 
the temperature-dependent meson spectral functions, us¬ 
ing QCD Dyson-Schwinger equations as an improvement 
over the NJL model. Comparison with recent lattice QCD 
results for these spectral functions Q is a promising ap¬ 
proach for future studies of the hadronic Mott effect at 
the quark-hadron phase transition. 
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